Comprehensive characterization of aerosols was conducted from long-lasting peat smoldering 20 burns.
Introduction
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region, approximately 100 km north of Moscow city (56.7 °N, 36.3 °E), on 15 August 2014. 153 Visual observation of the area showed widely spreading white smoke (Fig. 1a ). The most typical 154 emission type was smoke rising from underground fires through the surface grass. The density of 155 smoke above grass was variable, ranging from thin to strong. Thin smoke from underground was 156 observed in places of absence of any grass (Fig. 1b) . At times, this smoke caused ignition of 157 grass, as shown in Fig. 1c . 158 Samples were collected from smoke inside grass, smoke of various density above grass 159 as well as smoke rising from underground burns. Total suspended particulate (TSP) matter was 160 collected on quartz fiber filters (Tissuquartz, PALL) for 7-15 min at a flow rate of 20 L min -1 . In 161 addition, metal substrates (Ti foil) were used for fine particle collection by means of a custom-162 made 2-stage cascade impactor with size cutoffs at 10 and 0.65 µm aerodynamic diameter, 163 operating at a flow rate of 5 L min -1 . Only samples of strong smoke inside grass could be 164 collected on metal substrates for individual particle analyses. 165 The episode of peat smoke plume transport to the megacity was investigated at a site in oscillating microbalance (TEOM 1400a, Thermo Environmental Instruments Inc., USA).
172
Depending on PM10 loadings (high, medium or low) the sampling time was chosen to be 24, 48, 173 or 72 h for the periods of 31 July, 1, 47, 11-13 August, 2-3 August, and 8-10 and 15-18 August, 174 respectively. 175 Backward trajectories were generated to visualize the atmospheric transport and evaluate trajectories for air masses arriving each 6 hours at 250, 500 and 1000 m height above ground 180 level (a.g.l.). No qualitative differences were observed for these heights with respect to the 181 direction of air mass transport. 182 Fire maps for the study period were obtained by the Fire Information for Resource Tigard, OR, USA), following the NIOSH protocol (Birch and Cary, 1996) .
196
Inorganic and organic ions were quantified by capillary electrophoresis, using a Capel was measured at seven wavelengths from the near-ultraviolet to near-infrared spectral region.
263
Five-seven different spots were exposed to evaluate the homogeneity of the filter sample. The 264 light absorption is approximated by light attenuation (ATN) caused by the particle deposit, 265 defined as follows:
267 where and are the light intensity transmitted through unexposed and exposed parts of the 268 filter, respectively. The dependence of ATN on the wavelength λ was parameterized using a 269 power law relationship: The microstructure for peat smoke inside grass was obtained by individual particle 
Carbon fractions and molecular markers 294
High carbon content is found in smoke produced by peat burning and collected from 295 underground, inside and above grass (Table 1 ). The mass balance shows that smoke is dominated 296 by OC, while the contribution of ionic species is small ( Fig. 2) . OC contribution to TC is as high 297 as 91-95%, associated with particle formation due to preferable condensation of volatilized 
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The OC/EC ratio is widely used to characterize the origin of pollution, and in case of 
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probably oxygenated and multifunctional, and have very high molecular weight. Therefore, we 339 can expect a significant amount of polar organic compounds in peat burning smoke as well. anhydrosaccharides where levoglucosan comprises the largest fraction, up to 8.7% (Table 1) , 368 while the isomeric anhydrosaccharides mannosan and galactosan were present at fairly high More detailed information about organic and inorganic composition is revealed by 381 analyses of prominent functionalities in FTIR spectra (Fig. 4a ). Aliphatic, aromatic, carbonate, good correlation (Fig. 5) with the observed sulfate, ammonium, and carboxylate functionalities 435 in the water-soluble aerosol fraction (Fig.4b) . The combined ion mass concentration is reported 436 as total water-soluble ion (TWSI) concentration in Table 1 . As for anions, the relative abundance 437 of SO 4 2− is the greatest and is about 50% higher in smoke aerosol from inside and above grass 438 than from underground smoke, as expected in case of gaseous emission and gas-to-particle 439 reactions of SO 2 above ground, from which SO 4 2is mainly produced. Sodium (Na + ) is most (Table 1) , which is lower than expected for other biomass burning emissions. In a previous 460 chamber study, the evolution of smoke from flaming burns led to a noticeable increase in the 461 abundance of K by a factor of three, while it remained nearly constant in smoldering smoke 462
particles (Popovicheva et al., 2015c) . This finding confirms that K + can serve as a better marker 463 for emissions from flaming than smoldering burns.
464
A K + /Lev ratio of 33.3 was found for the flaming phase, while lower ratios (0.2-0.6) were 465 characteristic for the smoldering phase in savanna fires (Gao et al., 2003) . Ratios lower than 466 0.25-1 were reported for PM2.5 emissions from wood stove combustion of tree species and pine 467 forest (Fine et al., 2004) . In our study, K + /Lev ratios were 2.12 for underground smoke, and 468 ranged between 0.18-0.62 for smoke inside and above grass, qualitatively corresponding well to 469 smoldering phase combustion. (Fig. 6 ). K is distributed over 3% of smoke particles (Fig. 9) , and almost all particles contain also 492 Al, Si, Fe and Ca, typical composition for various aluminosilicates in soil. Since K also present 493
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as cation in soil aluminosilicates, we may conclude that potassium measured in peat smoke is 494 almost entirely of natural soil origin. The S/K ratio obtained here is 6, while it was observed 495 with median values of 2-4 during forest fires and higher S/K ratios were reported for a peat and is assigned to Group Organic. Tar ball particles were observed with roughly spherical 503 morphology ( Fig. 8 (1) ) formed by bimolecular homogeneous nucleation of polar organic matter 504 with water vapor (Hand et al., 2005) . A significant fraction of particles are agglomerates of tar 505 ball spheres ( Fig. 8 (2) ), suggesting a diffusion-limited collisional growth mechanism involved in 506 the formation process. Such morphology is consistent with observations of tar balls in chamber 3.5%), respectively, compared to Group Organic (Fig. 7) . These particles show crystalline 520 morphological features of irregularly shaped particles (Fig. 8 ). According to the average 521 composition (Fig. 7) , Group Ca, Fe, Si-rich is composed from aluminosilicates with Fe and Ca 522 inclusions ( Fig. 8 (4) ), iron oxides ( Fig. 8 (5) ), and calcium oxides/carbonates ( Fig. 8 (6) ). Group
correlated as well (R 2 = 0.86), indicating their common source material.
587
Other saccharides, such as arabitol and mannitol, are found at concentration much lower 588 than those of anhydrosaccharides, in the range from 0.03 to 0.16 µg/m³. These compounds are 589 found to comprise only a few percent of total saccharide concentrations in smoke aerosol, 590 indicating their origin being predominantly from natural bioaerosol sources, such as fungal 591 spores and bacteria, whose emission may be suppressed during smoke episode (Popovicheva et   592 al., 2014).
593
The abundance of water-soluble organic carbon (WSOC) is often used as an indicator for 594 photochemical oxidation of OC, resulting in SOA formation (Miyazaki et al., 2012) . WSOC 595 concentrations measured in PM10 during biomass burning constituted a substantial fraction 596 (81% on average) of OC (Popovicheva et al., 2017b) . In our study, analysis of ambient WSOC 597 evolution shows a behavior similar to levoglucosan, (Fig. 11 b) , with the elevated concentrations 598 related to the peat bog fire plume from the Tver and Moscow region (Fig. 10) . The significance 599 of polar organic species is also reflected in the high fraction of WSOC in OC, approaching 40% 600 as the maximum WSOC concentration on 9 August.
601
The ionic aerosol composition at the urban site is characterized by inorganic anions 
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from 200 ng m -3 to 1.7 µg m -3 , with elevated values corresponding to the highest OC and PM10 618 concentrations ( Fig. 11 b) . The relationship between K + and Lev points to the influence of peat 619 burning smoke on composition of aerosols on 2 and 3 August, and after 11 August while K + 620 values on 9 and 10 August are found to be much lower. Presumably, a more prominent impact of 621 smoldering than flaming combustion occurred during those days, because high temperature 622 combustion induces release of higher potassium ion concentrations due to more effective 623 vaporization of mineral compounds during biomass burning.
624
The FTIR absorbance spectra of ambient aerosols demonstrates the functionalities which Fig. 2 . Mass balance of carbon fractions and ions in PM mass from thin smoke inside and above grass, and strong smoke above grass. Relative abundance of elemental carbon (EC), watersoluble organic matter (WSOM), water-insoluble organic matter (WISOM), and total watersoluble ions (TWSI) are shown in percent. Fig. 3 . Light attenuation as a function of wavelength for underground smoke and thin smoke above grass, for day of lowest (01.08.2014) and highest (04.08.2014) values of AAE during sampling period at MSU site. Solid lines were generated using a power law equation (2). Values of the exponent for AAE were chosen to fit the data. Fig. 5 . Relative abundance of inorganic and organic ions in water-soluble fraction in underground smoke, thin smoke inside grass, thin and strong smoke above grass. Fig. 6 . a) Abundance of elements in smoke particles and b) average weight percentages of elements in peat smoke inside grass. Elements with an abundance of less than 2% are not shown. Fig. 7 . Grouping of smoke particles inside grass during peat bog smoldering. Naming, relative abundance, and averaged weight percentage of elements in each group are indicated.
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kev kev kev kev kev kev Fig. 8 . Representative particle EDX spectra and micrographs in Group Organic of (1) tar balls and (2) tar ball agglomerates of mainly C and O, and (3) S-containing tar balls; in Group Si-rich of (4) aluminosilicates with Fe, Mg, K, and Ca inclusions; in Group Fe-rich of (5) iron oxides; in Group Ca-rich of (6) calcium oxides/carbonates. Ti is a substrate artifact. 
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